A new pyS 4 and pyN 2 H 2 S 2 -based iron and ruthenium complex have been synthesized and characterized in order to bind nitrogenase-relevant small molecules. These fragments were found to bind and stabilize the hydrazine small molecule which is a very important step in the nitrogenase fixation cycle. X-ray structural analysis of the hydrazine complexes deserve special interest because all types of hydrazine hydrogen atoms are involved in a system of inter-and intramolecular N H···S and N H···N hydrogen bonding with the sulfur donors (thiolate, thioether) as well as the solvate hydrazine N atoms.
INTRODUCTION
Transition metals in sulfur-dominated coordination spheres form the active centres of numerous oxidoreductases such as nitrogenases, hydrogenases and CO dehydrogenases. [1] In the search for low-molecular weight compounds that combine structural and reactivity features of nitrogenase enzymes, it was found that transition metal complexes containing [M(pyS 4 
)] fragments
[pyS 4 2-= 2,6-bis(2-mercaptophenylthiomethyl) pyridine(2 )] (M = Fe, Ru) bind many nitrogenase-relevant molecules such as CO, NO, N 2 H 4 , N 2 H 2 and NH 3 , although not N 2 . [2] As was pointed out earlier, [3] a major factor for the binding of N 2 can be considered to be a high electron density at the metal centres.
We describe herein a systematic study of the influence of the pyridine ring substituents as well as the substitution of  donor- acceptor thioether functions by  donor amine functions on the electron density at the metal centres and the reactivity of the resultant complexes and the applications for nitrogenases functions. We focus on the syntheses of the new Et 2 NpyS 4  H 2 ligand and the related iron and ruthenium complexes of the two ligands Et 2 NpyS 4  H 2 and pyN 2 H 2 S 2  H 2 [4] [pyN 2 H 2 S 2 2 = 2,6-bis(2-mercaptophenylamino methyl)pyridine(2 )] are also described.
The synthesis of the new steric py t BuN 2 H 2 S 2  H 2 ligand in order to solve the solubility problem as well as to decrease the tendency of dimmer formation via M S M thiolate bridged bonds which blocks the free coordination sites of the metal centers will also be discussed. [5] Efforts are underway to investigate the coordination chemistry of the new steric ligand towards different metal ions. 
RESULTS AND DISCUSSIONS
The synthesis of the new Et 2 NpyS 4  H 2 · HCl (5) ligand has been described in details in our previous paper starting from Celedamic acid (Scheme 2). [6] ), [7] indicating a high electron density at the Fe centre which in turn results in a strong Fe CO bond. The coordination of the Et 2 NpyS 4  H 2 ligand has been also investigated towards ruthenium which could be expected to be less labile (Scheme 4). As a first target complex [Ru(NO)(Et 2 NpyS 4 )]Br (10) When a red brown THF suspension of 10 was treated with N 2 H 4 , a green solution was formed from which the hydrazine complex [Ru(N 2 H 4 )(Et 2 NpyS 4 )] (11) was isolated. Complex 11 is stable over prolonged periods of time in both the solid state and solution. The high stability is also because of both intra-and intermolecular hydrogen bonding as found for solid 11 in the solid state ( Figure 1 ).
The coordination chemistry of the sulphur amine pyN 2 H 2 S 2 -H 2 has been also investigated in order to have a high electron density at the metal canter by substitution of the  donor- acceptor thioether functions by the only  donor amine functions. )] fragment can bind ''hard'' coligands. However, 16 proved too labile to be used as a starting material. All efforts to oxidize 16 or to get a N 2 species by the reaction of N 2 with 16 remained as yet unsuccessful, instead dinuclear [{Ru(pyN 2 H 2 S 2 )} 2 ] (17) was formed. The dinuclear 17 was found not to react with boiling DMSO, pyridine, or with CO in these solvents.
In order to reduce the M-S-M bridging capacity of the ligand and hence the tendency of the complexes to oligomerize, efforts are now underway to insert a bulky group in the ortho position to the sulphur donors. The crystal structures of the complexes 8, 11 and 11·N 2 H 4 deserve special interest because all types of hydrazine hydrogen atoms are involved in a system of inter-and intramolecular N H···S and N H···N hydrogen bonding with the sulfur donors (thiolate, thioether) as well as the solvate hydrazine N atoms. The hydrogen bonds are indicated by both the N Η···S and N Η···N vectors as well as the distances which are shorter than the sum of the corresponding van der Waals radii (r H = 120 pm, r S = 185 pm). [11] Figure 3 shows the molecular structures and the hydrogen bonding geometry for 8 and 11·N 2 H 4 .
X-ray Crystal Structure Determinations
The crystal lattices of 8 and 11 contain chains of molecules which are connected by intermolecular N Η···S(thiolate) hydrogen bonds and each molecule exhibits additional intramolecular N Η···S hydrogen bonds. The type of bonds, bond lengths and bond angles in the two complexes are very similar, only 8 contains an additional N Η···S bond. The crystal lattice of 11·N 2 H 4 additionally contains intermolecular N Η···N hydrogen bonds between the solvate hydrazine and the coordinated hydrazine. This system of hydrogen bonds is of interest because it contributes significantly to the stabilisation of the N 2 H 4 coligand and a similar effect may stabilise the intermediate diazene complex which is assumed to be essential for N 2 fixation.
[2c] 
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EXPERIMENTAL PART:
Unless noted otherwise, all procedures were carried out under an atmosphere of N 2 using Schlenk techniques. Dry solvents were used. As far as possible, reactions were monitored by IR or NMR spectroscopy. Spectra were recorded on the following instruments: IR (KBr discs or CaF 2 cuvettes, solvent bands were compensated): Perkin-Elmer 983, 1620 FT IR, and 16PC FT-IR; NMR: Jeol-JNM-GX 270, EX 270, and Lambda LA 400 with the protiosolvent signal used as an internal reference. Spectra were recorded at 25 °C; Mass spectra: Jeol MSTATION 700 spectrometers; Elemental analyses: Carlo Erba EA 1106 or 1108 analyzer; Compounds 5, 6, 7, 9, 10, [6] 12, 13, 14, [9] Bu 4 N[Ru(NO)(S 2 C 6 H 4 ) 2 ] [8] and pyN 2 H 2 S 2 -H 2 [12] were prepared as described in the literature. Anhydrous hydrazine was obtained by twofold distillation of hydrazine hydrate over KOH under reduced pressure. LiOMe was purchased from Aldrich. 
